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1.0 Introduction
Empirical studies conducted over the past several years have
shown that the "functional" locus of innovation can vary signifi-
cantly between categories of innovation. Thus, in some innova-
tion categories, most innovations have been found to be developed
by users of those innovations(l), while in other categories
manufacturers of innovative products(2) or suppliers of inno-
vation-related materials(3) have been found to be the usual
innovation developers.
In previously published work(5), we have proposed that a
major cause of such variations is differences in the ability of
would-be innovators situated in different functional loci to
appropriate benefit from the various categories of innovations
studied. In this paper, we report on an empirical test of this
hypothesis conducted with data derived from five categories of
innovation. The results are found to support the hypothesis.
This finding opens the way to an ability to predict and
manage the functional locus of innovation - a valuable capability
for those engaged in innovation practice or policymaking.
2.0: Methods
The tests of the hypothesis we perform here involve testing
the correlation between the functional locus of innovation
activity and appropriable innovation benefit. In the instance of
each innovation category examined we first determine the func-
tional locus of innovation. Second, we determine the-relative
(economic) innovation-related benefit which different functional
categories of would-be innovator could "reasonably anticipate"
appropriating if he developed a given innovation. Finally, we
compare the locus of innovation activity and the locus of highest
relative innovation benefit. A positive correlation between
these two variables lends support to the hypothesis.
22.1: Functional Locus of Innovation Data
This study utilizes data sets on the functional locus of
innovation which my students and I have collected over the past
several years. Table 1 summarizes all such data sets. With the
exception of the final two studies listed in Table 1, the
innovation categories addressed by these several studies were not
selected with the present study in mind. For our present
purposes, all data sets were examined and all those for which we
could get accurate data on appropriable innovation benefit were
selected for use here. (Studies so selected are highlighted in
Table 1 in bold print.) I am not aware of any bias for or
against the hypothesis to be tested which has been introduced by
this method of sample selection.l
Insert Table 1 Here
Some Key Definitions
The "functional locus of innovation" is a variable which
1 Reasons for selecting the final two innovation samples
listed will be presented at the end of section 3, where the
findings of those studies are discussed.
The reasons why accurate data on appropriable economic
benefit data could not be obtained in the instance of excluded
studies were as follows. Scientific instrument innovation occurs
largely in universities and non-profit institutions funded by
government research grants(4). It is therefore not possible to
unambiguously measure innovating researchers' innovation related
costs or benefits in ordinary marketplace terms. In the instance
of semiconductor process innovations, product as well as process
benefits typically flowed from each of the studied process
innovations, and we found it impossible to get an accurate figure
for innovators' appropriated benefit. In the instance of
plastics additives, we could not obtain product sales and profit
data from innovating firms. In the instance of wire stripping
(and connector attachment) process equipment, innovating firms
often sold both equipment and related supply items, which
prevented us from accurately isolating benefit derived from the
equipment innovations only (e.g., considerations of tying were
present).
3categorizes innovating individuals and firms in terms of the
functional relationship via which they derive benefit from a
given product or process. Thus, we define "users" of a given
innovation as those firms or individuals who benefit by using
it. Similarly, "manufacturers" are defined as those who benefit
from manufacturing that innovation, and "suppliers" as those who
benefit by supplying materials, components or equipment needed in
the use or manufacture of the innovation.
Many functional relationships between innovator and innova-
tion are possible.2 However, as can be seen from Table 1, our
empirical data to date primarily identifies user, manufacturer,
and supplier innovation.
In all functional categories, we define an "innovator"
as the firm or individual which first develops a sampled innova-
tion to a state proved functionally useful. Thus, by our
criterion, an individual or firm is not coded as innovator if he
only develops an idea or a partial prototype: He must actually
design and build the innovative device - and this device must be
applied and proved useful (by the developer or by another) if he
is to be coded as the innovator. The nature of appropriate
proof, of course, will vary with the nature of the sampled inno-
vation. Thus, in the instance of scientific instrument innova-
tions, publication of findings produced by the innovative
instrument would be appropriate. In the instance of process
machinery, however, lab use of an innovation would not be enough:
Proof of functional usefulness would require use of the innova-
tion in commercial production.
2 For example, those who invent products and services derive
benefit from these by selling or licensing their innovation-
related knowledge to others - and thus could be functionally
categorized as "inventors" with respect to those products or
services. Similarly, wholesalers and retailers benefit from
innovative products by distributing them, servicemen by repairing
them, etc.
Table 1: Summary of Functional Locus of Innovation Data
Innovations Developed By:
Innovations Sampled:
Scientific Instruments
Semicon & PC Crd Process
Pultrusion Process
Tractor Shovel Related
Engineering Plastics
Plastics Additives
Wire Stripping Equip
Industrial Gas-Using
Thermoplastics-Using
User
(NA
77%
67%
90%
6%
10%
8%
25%
42%
43%
Manufr
Excl)
23%
21%
10%
94%
96%
92%
13%
17%
14%
Suplr Other NA Total
(n) (n)
- - 17 111
- 12% 6 49
- - - 16
- - - 11
- - - 5
83%
33%
36%
- 4 16
- - 12
8% - 12
7% - 14
42.2: Determining Appropriable Innovation Benefit
The hypothesis and test we apply here was considered in
detail in a previous paper(5). The reader may find a brief
summary of this material useful before we go further.
In our previous paper, we began by assuming on the basis of
findings by others(6), that innovation could usefully be analyzed
as an economically motivated phenomenon. We proposed that the
economic benefits which an innovator might obtain from his
innovation can be segregated into two mutually exclusive and
jointly exhaustive categories: (1) benefit from output-embodied
knowledge and (2) benefit from non-embodied knowledge. (Benefit
from output-embodied knowledge is obtained by an innovator via
in-house use of his innovation in his product and/or process and
the consequent embodiment of its value in the output of his
firm. Benefit from non-embodied knowledge is obtained by an
innovator from the sale or licensing of non-embodied knowledge
regarding his innovation to others.) We then reasoned that the
functional locus of innovation could be effectively modeled in
terms of appropriability of innovation benefit if and as two
conditions hold in the real world, namely, potential innovators:
(1) are not able to capture benefit from "non-embodied" knowledge
characterizing their innovations; (2) are able to capture benefit
from "output-embodied" knowledge relating to their innovations.
To understand this point, it is helpful to assume that an
innovator has a perfect," costlessly3 enforceable ability to
3 Costless enforcement of property rights is required for
the following reason: since marketing of an innovation and
enforcement of payment can be reasonably assumed to be costless
for an innovating firm when it captures output-embodied benefit
by utilizing the innovation knowledge in its own processes and/or
products, non-costless marketing of an enforcement of payments
for use of innovation knowledge by other firms would create a
differential between benefit attainable from in-house and
external use of the innovation and generate a preference for the
former. This in turn would allow an incremental benefit from the
same innovation to accrue to those innovators with a larger
in-house use for it - and create a differential incentive to
innovate as a function of locus of innovation.
5license his non-embodied innovation knowledge to others. Under
such conditions the innovator could set the fees charged to each
innovation beneficiary, and each class of beneficiaries, so as to
attain the maximum return. The role which the innovator himself
happened to play with regard to the innovation -- user, manufac-
turer, etc. -- would not influence his fee-setting decision
because he would be equally able to capture innovation returns
from his own company and other companies. This being so, he
would have no incentive to concentrate benefits in his own
company, even if the direct return from the particular innovation
could be "leveraged" 4 by its user to create larger "other
returns' over time.
On the basis of this reasoning, we would expect no corre-
lation between the functonal locus of innovation and the func-
tional locus of appropriable innovation benefit when innovators
have a perfect ability to license their non-embodied innovation
knowledge. However, when innovators' ability to achieve this
is quite imperfect, they must rely on embodying innovation-
related knowledge in the output of their firms as the sole
remaining route to appropriation of innovation benefit. And when
innovators' ability to capture innovation-related benefit via
output differs significantly between different functional loci,
4 Suppose, for example, that a minor cost-reducing process
innovation were made available to one of several manufacturers of
a commodity with previously equal manufacturing costs, financial
resources, etc. If further innovations or other changes did not
intervene, the commodity producer benefiting from the innovation
could in principle increase his market share as a consequence of
innovation and thus "leverage" the direct benefits of the
innovation, perhaps manyfold. But note that, even under such a
set of circumstances, the innovator has no incentive to prefer to
increase or decrease the market share of his own company relative
to that of his competitors because he can, given perfect infor-
mation, also charge the benefiting company for such second (and
nth) order benefits arising from the innovation up to the point
of indifference.
6then there should be a correlation between the functional locus
of innovation and the functional locus of innovation activity.
Via a survey of extant empirical studies, we determined that
the needed conditions just described did appear to be commonly
present in the real world(5), and so we felt it possible to
proceed with the study reported on here.
Our model of the net, output-embodied innovation benefit (B)
which a firm anticipates appropriating from a given innovation
is:
(1) B = (R)(V) - C - D
where (R) is the rate of supernormal profit which a firm anti-
cipates capturing from its innovation-related output; (V) is the
amount of innovation-related output which a firm anticipates
producing; (C) is the firm's anticipated development expenditures
and other innovation-related costs; and (D) is the net benefit
which the innovating firm would obtain from any sales displaced
by sales of the innovative product or process. Therefore, for a
given innovation which has in fact been developed by some firm,
the hypothesis we seek to test may be stated as:
(2) (Ri) (Vi) - Ci - Di > (Rx) (Vx) - Cx - Dx
where i is the innovating firm and x is every non-innovating
firm.
3.0: Empirical Tests
Each empirical test of the hypothesis which we will conduct
draws on information specific to the innovations and industries
under study. In outline, we begin each empirical test of our
hypothesis by describing the innovation sample used and the
functional locus of innovation found. Next, we determine values
for the four variables included in our model of appropriable
benefit on the basis of both objective data and judgment obtained
from experienced industry participants. Finally, we determine
whether the locus of innovation observed in the instance of each
7innovation sample was or was not also the locus of "reasonably
anticipatable" maximum appropriable innovation benefit - and thus
determine whether the findings for that sample do or do not
support the hypothesis under test.
Although we know the industries we report on here quite
well, our hypothesis addresses innovators' pre-innovation
expectations of innovation benefit rather than actual post-
innovation benefit obtained. Therefore, some of our estimates
may contain errors. As a compensating safety measure, we
test our hypothesis by comparing the likely lower bound of the
innovator's estimated innovation-related returns with the likely
uper bound of the estimated returns any (noninnovating) firm in
any other locus could reasonably anticipate if it had undertaken
the innovation. This procedure is conservative with respect to
the hypothesis being tested.
3.1: Pultrusion Process Machinery:
Innovation and Innovation Benefit
Pultrusion is a process by which one may manufacture fiber-
reinforced plastic products of constant cross-section. An
everyday example of such a product - almost always produced by
the pultrusion process today - is the fiberglass-reinforced rod
used by the makers of fiberglass fishing rods. The entire
pultrusion process is performed from start to finish on one
machine. The process starts with the pulling of reinforcing
material, usually fiberglass, from supply rolls into a tank
containing a liquid thermoset resin such as polyester. The
strands of reinforcement material emerge from the tank thoroughly
wetted with resin and then pass through pre-forming tooling"
which aligns and compacts them into the desired cross-section.
The compacted bundle of glass and liquid resin is then pulled
through a heated die where the resin is cured. Next, the cured
product moves through "pullers," which are the source of the
considerable mechanical force needed to draw reinforcing material
and resin through the steps just described and, finally, to a
8"cut-off" saw which cuts the continuously formed product into
sections of the desired length.
Currently, the economic importance of pultrusion is small
relative to other plastics production methods: Approximately $60
million of pultruded product was produced in 1976. However, it
holds promise of becoming a major processing method for the
production of high-performance, fiber-reinforced plastics in
future. (7)
The Innovation Sample
The basic pultrusion process was developed in the late
1940's. Since that time, there have been major improvements in
pultrusion process machinery and in the resins and reinforcement
materials used in the pultrusion process as well. The sample
reported on here consists of all innovations in pultrusion
process machinery which resulted in major functional improvements
to the pultrusion process when judged relative to the best
practices obtaining at the time of the innovations' commercial-
ization.
Candidate innovations for the study sample were obtained
from a group of experts working for pultrusion process users and
process equipment manufacturing firms. These experts were
identified by a two-step process. First, individuals whose names
were frequently cited in the technical literature on pultrusion
were contacted. Second, the views of these individuals were
sought as to the identity of experts in the pultrusion process
who had a broad knowledge of the field from its inception to
recent times. Individuals so identified, thirteen in number,
were then contacted and asked to identify those innovations which
would meet, in their view, the sample selection criteria stated
above. The experts polled regarding significant innovations in
pultrusion were in substantial agreement with the list of
innovations presented in Table 2.
Insert Table 2 Here
Table 2: Pultrusion Process Machinery Innovations
Basic Innovation:
Original Batch Pultrusion process
Major Process Machinery Improvements:
Intermittent Process
Continuous Process
Cut-Off Saws
Tunnel Oven Cure
Tractor Pullers
RF Augmented Cure
Tooling Innovations:
Preforming Tooling
Hollow Product Tooling
Improved Dies
9Appropriable Innovation Benefit: Users and Manufacturers
Since, as we saw in Table 1, users are the source of
all sampled pultrusion process machinery innovations save one (RF
Augmented Cure), our hypothesis may be stated for this sample as:
Firms which hold the functional relationship of user to the
sampled pultrusion process innovations are also the functional
category of firm best positioned to capture benefit from such
innovations.
We began our test by determining by inspection which of the
many extant functional relationships between innovator and
innovation - inventor, user, manufacturer, retailer, etc. - are
logically well positioned to gain significant benefit from the
type of innovations under consideration. In the instance of
pultrusion process innovations, we have determined, on the basis
of a good understanding of the industry, that the two functional
categories of firm most likely to gain significant benefit from
innovations which improve pultrusion process machinery are
process machine users and process machine manufacturers.5 We
5 Our field investigations showed that the licensing of
non-embodied innovation-related knowlege was - and was considered
to be by industry participants - of minor importance in pul-
trusion processing. This particular observation is support-
ed by general data on the relatively low effectiveness of patent
protection in the instance of electromechanical inventions(5).
Therefore the conditions laid down in section 2 are met in this
innovation category, and the way lies open to assess the relative
abilities of potential innovators to capture output-embodied
benefit from pultrusion process innovations.
Innovators'general inability to appropriate innovation
benefit from licensing non-embodied knowledge, just noted, lead
us to eliminate both independent inventors and suppliers of
materials used in pultrusion as potential recipients of signifi-
cant innovation-related benefit. Independent inventors were
eliminated because they only have non-embodied innovation
knowledge to sell. Suppliers of materials used in pultrusion
were eliminated because the pultrusion process machinery innova-
tions sampled did not require novel plastic resin or fiberglass
reinforcement products to implement. Therefore, the suppliers
too could not embody innovation-related knowledge in their
outputs, and would also be dependent on the licensing of non-em-
bodied innovation knowledge for their innovation-related returns.
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therefore explore the relative ability of these two functional
types of firms to capture net benefit from pultrusion innovation
in what follows.
Relative Innovation-Related Output (V)
With respect to the volume of innovation-related output
which innovating user firms might reasonably anticipate, we judge
that each innovation would result in at least $340,000 new
business annually to an innovating user in 1976 prices.
Our reasoning is, first, that all the pultrusion process
machinery innovations studied created new business for machine
users by making possible the production of new types and/or sizes
of pultruded product. This, in turn allowed pultrusion to enter
new markets against competing materials like aluminum and
stainless steel. Second, a single pultrusion machine of average
capacity produces pultrusions with a (1976) market price of
$340,000 per year (200,000 pounds times $1.70 per pound). Since
the largest three (of a total of 40) user firms in 1978 (Glastic
Corp.; Morrison Molded Fiberglass; Polygon Plastics) had 15-20
pultrusion machines each at that time, we judge it a conservative
lower bound to assume that such a firm would project applying an
innovation to only one machine and obtain only the annual new
business attributable to that machine's output. (As a matter of
historical fact, innovating user firms typically applied their
innovations to several in-house machines.)
With respect to the volume of innovation-related output
which an innovating pultrusion equipment manufacturing firm
might reasonably anticipate, we judge that such a firm would
sell the same number of machines as it did prior to the inno-
Other functional relationships between innovator and
pultrusion process innovations - wholesaler, etc. - were elimin-
ated from further consideration after discussion with industry
personnel showed innovation benefit potentially accruing to these
was clearly much less than that potentially accruing to users and
manufacturers.
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vation, but would be able to add the cost (plus a standard
markup) of the innovation to the price of the equipment sold.
We estimate additional sales volume from an innovation would be
at most $50,000 per year.
To understand the reason for this judgment, one must
understand that pultruders "home-built" by users cost users less
than commercially produced equipment. (A home-built machine of
"average" capacity [a machine capable of pultruding product with
a cross-section of 6 by 7 inches] had a direct cost of $50,000-
60,000 in 1977.(8) Price lists [and prices] reported by the
sole commercial manufacturer of pultruders in the 1970's,
Goldsworth Engineering, show an equivalent commercial machine had
a purchase price of approximately $95,000 at that time.) Presum-
ably the user-built machines are cheaper because the user does
not incur selling expenses as the machine builder must. And in
the pultrusion industry the machine manufacturer does not make
significantly more machines than the largest users - and thus
cannot offset these extra costs via economy of scale savings.
The nature of installed capacity gives graphic illustration
for user preference for home-built machines. In 1976, approxi-
mately 120 of the 176 pultruders in use were reported by their
users to be "home-built" by the firms using them - only 30 had
built by the sole commercial builder. Further, Goldsworthy
Engineering reported to us that sales during the 1967-77 period
to be relatively flat despite the annual real increase in annual
output of pultruded product averaging 15-20 percent. They also
report that their most significant innovation (included in our
sample) did not appear to have an appreciable effect on the
number of pultrusion process machines they were able to sell.
Relative Ability to Appropriate Benefit (R)
In this section, we report on our examination of the
relative ability of the users and manufacturers of pultrusion
process machines to appropriate supernormal rates of profit on
their innovation-related output. While we cannot quantify the
12
level of supernormal profits attainable, we are able to determine
that user firms are better positioned in this regard than are
manufacturers.
Each of the (very successful) innovations examined generated
savings relative to previous practice. The innovator can only
appropriate any of these savings for himself in the form of
supernormal profit if and as he has some form of quasi-monopoly
control over his innovation. Elsewhere, we have considered the
various "mechanisms" which an innovator could use to establish
such a quasi-monopoly at the level of the firm, and concluded
that these can only be established via patents, trade secrets
(know-how), or "response time."6
We now consider the relative ability of pultrusion machinery
users and manufacturers to establish quasi-monopoly control over
their innovations and thereby establish the conditions for
appropriating supernormal profits from them via each of these
three mechansisms in turn.
First, with respect to patents, our field investigations
6 I define "response time" as the period an imitator
requires to bring an imitative product to market or to bring an
imitative process to commercial usefulness when he has full and
free access to any germane trade secrets or patented knowledge in
the possession of the inventor. Response time exists simply
because many barriers in addition to lack of knowledge must be
overcome in order to bring any product or process - even an
imitative one - to commercial reality. Engineering tooling must
be designed, materials and components ordered, manufacturing
plants made ready, marketing plans developed, etc. During the
response time period an innovator by definition has a monopoly
and is in a position to capture benefit from output-embodied
innovation knowledge by increasing his rate of profit and/or his
market share.
Response time is a parallel concept to patents and trade
secrecy in that it is an independent means of creating quasi-
monopoly control over an innovation. "Lead time" is sometimes
used as a concept parallel to and independent from patents and
trade secrecy, but it is not. Lead time is a consequence of
what one does with one's innovation quasi-monopoly. It can be
created or affected by the exploitation of any of the three
mechanisms for creating quasi-monopoly just noted, or by myriad
other means such as pricing to forestall entry(9).
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showed that patenting was not regarded as an effective means of
protecting one's rights to pultrusion process innovations by
those in the industry. Since this observation is supported by
general data on the relatively low effectiveness of patent
protection in the instance of electromechanical inventions(5), we
conclude that innovating users and manufacturers in this field
have an equally poor ability to establish an innovation quasi-
monopoly and capture supernormal profits on the basis of patents.
Three categories of trade secrets are germane to the process
machinery innovations being considered here - trade secrets
bearing on the design of the innovative equipment, trade secrets
bearing on the use of the innovative equipment, and trade secrets
bearing on its manufacture.
With respect to the first two categories of trade secret,
user innovators will have a major advantage over any other
functional category of innovator - because only users can hope to
retain control of their innovation-related know-how much beyond
the point at which commercial use begins. This is so because
pultrusion process machinery innovations can be reverse en-
gineered if inspected by would-be imitators skilled in the art.
And, while an innovating machine user can exploit the innovation
commercially while keeping it hidden from such inspection behind
his factory walls, an innovating machine builder must make the
innovative equipment available to the inspection of potential
purchasers if he is to reap output-embodied benefit from it.
As we reported earlier, both process machine users and
process machine manufacturers build pultrusion process machines
in the pultrusion industry. Thus, both of these functional
categories of firm would have occasion to develop and utilize
the third category of trade secret listed above - trade secrets
related to innovative ways of manufacturing pultrusion process
machines. Both process machine users and process machine
manufacturers have an equal capability to protect this type of
trade secret - because both the machine builder and machine user
have a similar capacity to keep trade secrets regarding the
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manufacture of innovative equipment secret within their factory
walls. In contrast, materials suppliers who develop this type of
trade secret are at a relative disadvantage: They cannot keep
such a secret protected within their factories. To benefit
from it they must reveal it to the process machine manufacturers
and/or users who can utilize it in machine manufacture.
On the basis of "learning by doing" arguments and related
experience curve data (10), we may expect that firms will have
an incentive to develop trade secrets with regard to pultrusion
process machine manufacture which is proportional to the quantity
of such machines each manufactures. In the instance of pul-
trusion process machinery, we have found that both the single
extant pultrusion equipment manufacturer and the three largest
users both build pultrusion equipment on approximately the same
scale - approximately two machines per year in the period of the
study. Thus both machine users and machine manufacturers would
appear to have similar incentives to develop this third category
of trade secret.
Response time - the time required to imitate an innovation
given perfect knowledge regarding it - is determined by the
nature of the innovation rather than the nature of the innovator.
Pultrusion process machinery innovations are mechanically
straightforward and can be fabricated with general-purpose job
shop tools. Therefore, we estimate response time at a few weeks
or months only for this innovation type - a period too short to
afford significant protection to any functional category of
would-be innovator.
In sum, then, all firm-level innovation benefit capture
mechanisms which we discussed are either equally effective for
pultrusion process machine users and manufacturers, or are biased
in the favor of the pultrusion process machine user. We there-
fore conclude that users can anticipate a higher rate of super-
normal profit from developing pultrusion process machine inno-
vations than can manufacturers.
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Relative Amount of Innovation-Related Costs (C)
The pultrusion process machinery innovations examined were
built by both users and manufacturers using general-purpose
machine shop equipment which both types of firm had on site. No
organized R&D effort was used to develop these innovations: They
consisted of good ideas which, once grasped, could be implemented
on the shop floor. We therefore judge that innovation costs
would be - and would be expected by would-be innovators to be -
similar in magnitude for both users and manufacturers of process
machines.
Relative Amount of Displaced Sales and Benefit (D)
No potential innovator in this field had reason to antici-
pate that pultrusion process innovations would result in a
significant displacement of his present sales. Pultrusions were
displacing metals, typically, in high-performance applications.
Neither the pultrusion process equipment users nor the equipment
manufacturers had any position we are aware of in the products or
processes being displaced.
Conclusion
We have provided evidence and reasoning which lead us to
conclude that Vi > Vx, Ri > Rx, Ci = Cx and Di = Dx = 0.
Therefore the hypothesized inequality ("equation" #2), is
satisfied and we find our hypothesis supported in this instance.
That is, we find that pultrusion process users - the functional
type of firm which we judge to have the highest anticipatable
innovation-related benefit - are also the functional type of firm
which our data show most active in developing pultrusion process
equipment innovations.
Since all of the innovations in this sample dealt with the
same narrow category of innovations, with essentially the
same user and manufacturer communities, market conditions,
etc., we have been able to apply the same appropriability of
benefit analysis to all. Nevertheless, our study of the innova-
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tions themselves shows each to be an apparently independent
event.(ll) If we do regard each as independent then p <.02
(t=2.55) that all innovations attributed to user firms would have
been found there by chance, given the null hypothesis that the
functional source of successful innovations is independent of
innovators' anticipatable innovation-related net economic
benefit.
3.2: The Tractor Shovel:
Innovation and Innovation Benefit
The tractor shovel, sometimes also called a "front end
loader," is a rubber-tired machine which looks somewhat like
a farm tractor with a large, moveable scoop mounted at the front
end. It is manufactured in a range of sizes and is used for
excavation and for the general handling of bulk materials ranging
from coal to soy beans. Approximately 41,000 tractor shovels of
all sizes were manufactured in the United States in 1980, with an
aggregate value of 1.5 billion dollars (12).
The Innovation Sample
The sample of tractor shovel innovations examined consists
of the first-developed tractor shovel and the major improvements
to that machine commercialized in the succeeding 15 years. These
innovations were identified by a two-step method. First,
Enaineering News Record, a widely read trade journal in the civil
engineering field, was scanned for the period 1939-74 for mention
of possible candidate innovations. A list of possibilities
developed by this method was then discussed with personnel with a
long history in the tractor shovel industry who appeared to us to
be both expert and knowledgeable as tractor shovel users or
manufacturer personnel. Extensive discussion and numerous
deletions from and additions to the initial list allowed us to
reach a consensus on the innovation sample identified in Table 3.
As shown in Table 3, we have segmented our sample of
tractor shovel innovations into three categories. The "Basic
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Innovation" category consists of the tractor shovel itself.
"Major improvements" are innovations which are installed in
the tractor shovels of all or most users, and which have signifi-
cantly improved the functional utility of the machine in its
basic materials-handling tasks. "Special-purpose accessories,"
on the other hand, are equipment innovations which are only
of value to users engaged in certain specialized tasks. Thus,
the "lengthened boom arms" listed in Table 3 are used primarily
by those who load high-sided trucks, while the "log grapples"
listed are primarily used by lumber companies in their logging
operations. Many special-purpose accessories exist in addition
to those we have included in our sample - ranging from snowblow-
ers to asphalt pavers. Those included were judged to provide
major advantages to relatively large user groups.
Insert Table 3 Here
Appropriable Innovation Benefit: Manufacturer vs. User
Since, as we saw in Table 1, manufacturers are the source of
almost all tractor shovel innovations, the hypothesis we wish to
test may be stated for this sample as: Firms which hold the
functional relationship of manufacturer to the sampled tractor
shovel innovations are also functional the category of firm best
positioned to capture benefit from such innovations. In the
analysis which follows, we focus on only the first two categories
of innovations noted above, a total of eleven innovations.
As in the previous study, our first step in testing the
hypothesis here was to identify by inspection the few functional
types of potential tractor shovel innovator best positioned to
appropriate significant innovation benefit. We found tractor-
shovel users and tractor shovel manufacturers were clearly the
two functional categories of firm most favorably positioned in
Table 3: Sample of Tractor Shovel Innovations
Basic Innovation:
First Tractor Shovel
Malir Improvements:
Lift-Arm-Shovel Linkage
Power Steering
Hydraulic Bucket Control
Fluid Transmission Coupling
Planetary Final Drive
Double-Acting Hydraulics
Four Wheel Drive
Torque Converter
Articulation
Power Shift Transmission
Significant Special-Purpose Accessories
Lengthened Boom Arms
Log Grapple
Bottom Dump Bucket
Attachment Coupler System
Steel-Shod Tires
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this regard,7 and we analyze only these in what follows.
Relative Innovation-Related Output (V)
We judge that tractor shovel manufacturers have a signifi-
cantly higher innovation-related output than do tractor shovel
users.
The innovation-related output of tractor shovel manufactur-
ers consists of sales of hardware embodying such innovations. In
the instance of the original tractor shovel, the innovator's,
innovation-related sales in the first year were about $250,000
and, after a pause in production during WWII, increased rapidly.
The major improvement innovations in the sample all added
functional capabilites to the tractor shovel - by adding hardware
and cost. All such innovations save one (Articulation) added at
the very least $100 to the machine's direct cost, and often much
more.
The advantage of the sampled major improvement" innova-
tions over previous best practice was such that they were
immediately embodied in most or all of the units sold by the
innovating firm. Therefore, the total unit tractor shovel sales
of the innovating firm at the time of the innovation is a
7 Our findings precisely parallel those presented in
footnote 5 regarding the pultrusion process machinery study. As
was the case in that field, innovation benefit was almost never
captured from the licensing of non-embodied knowledge. Further,
industry participants had no illusions that this could be done,
given the general weakness and uneforcability of patents in the
field of mechanical invention. As a consequence we judged that
independent inventors were unlikely to be able to appropriate
significant innovation benefit from any tractor shovel inno-
vations they might attempt. The same reasoning suggests that
suppliers of components used to implement the innovations were
also unlikely to innovate. Components used to achieve an
innovative effect when applied to tractor shovels were not
themselves novel, and were typically available from a number
of suppliers as off-the-shelf items.
Industry experts contacted all judged that users and
manufacturers ranked highest in the list of functional types of
firms able to appropriate innovation benefit from pultrusion
process innovations.
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slightly inflated indicator of the units of output embodying the
innovation produced in the first post-innovation year.8 Since
all improvement innovations were developed by firms selling at
least hundreds of tractor shovels annually, first-year incre-
mental sales of all firms which developed major improvements were
at least in the tens of thousands of dollars - even assuming that
the presence of the innovation stimulated no additional sales of
tractor shovels.
The innovation-related output of tractor shovel users is
additional material excavated or moved per unit time as a result
of an innovation. We estimate the annual savings to the user per
innovation for each tractor shovel embodying it to be approxi-
mately $1,000 as follows. Standard industry assumptions are that
the life of a machine is 5 years and that it will operate 2,000
hours per year. Productivity savings involve savings of labor
and capital primarily. If we assume an operator was paid $1 per
hour plus 50 percent fringe and overhead (average at the time of
the innovations (13)), an innovation which made a tractor shovel
20 percent more productive9 would involve a savings of 20 percent
of an operator's salary (or $600 per year) and a savings of 20
8 The primary exception was four-wheel drive. Although it
offered advantages to all users, it was a costly feature most
advantageous to those operating on difficult terrain, and so
penetrated the market more slowly. However, four-wheel drive
also added the most direct cost to a tractor shovel of all
innovations studied - over $1,000 per unit.
9Inquiries directed to tractor shovel manufacturers, large
users, industry associations, and equipment operator's unions
showed that hard data on tractor shovel productivity - even on
"benchmark" tasks - do not exist. The sole productivity figure
we were able to find (14) is a statement by a manufacturer's
representative that the introduction of the power shift transmis-
sion innovation raised the productivity of their tractor shovel
60 percent on a "loading out gravel" task. (This task requires
an operator to shift gears frequently, so a power shift transmis-
sion would be especially advantageous here.)
Given the lack of hard data, we estimate on the basis of
conversations with industry experts that a "typical" innovation
in our sample would raise tractor shovel productivity 20 per-
cent.
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percent the capital cost of a machine. Since, at the time of the
innovations, tractor shovel prices ranged from $5,000 to $10,000
per unit (or a maximum of $2,000 depreciated over five years
straight line). Total maximum annual savings to the user in
capital and labor therefore were $1,100 per year, per machine,
per innovation.
Tractor shovel marketing personnel inform us that, with the
exception of the U.S. Army and some municipalities, even the
largest, "national account" users buy only one tractor shovel per
year. A user owning a fleet as large as 8-10 tractor shovels is
reportedly quite rare today - and was presumably even more
unusual in the 1939-54 period when the innovations studied
were developed. (Tractor shovel user firms number in the
thousands, and can be found in such diverse industries as
construction, mining, agriculture, logging, warehousing, etc.)
Relative Ability to Appropriate Benefit R)
We judge that tractor shovel manufacturers are positioned to
appropriate a higher rate of innovation-related supernormal
profit from tractor shovel innovations than are users. We base
this judgment on evidence that the innovation benefit capture
mechanisms which we discussed in the instance of pultrusion
process machinery innovations are, if anything, biased toward
manufacturers rather than users. Our discussion of this con-
clusion will, for compactness, draw on that previous discus-
sion.
Recall the mechanisms by which a firm may establish a
firm-level quasi-monopoly - patents, trade secrets (know-how),
and response time. In our earlier discussion of pultrusion
process machinery innovations, we noted that equipment users
could probably benefit more from trade secrets regarding the
design and use of innovative equipment than could equipment
manufacturers - because users could hide their innovations behind
their factory walls. In the instance of tractor shovels this
user advantage does not exist - tractor shovels are used on open
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construction sites, and any innovations by users and/or manufac-
turers will be open to the view of would-be imitators. Trade
secrets with respect to the manufacture of tractor shovels are
likely to favor a tractor shovel manufacturer rather than
potential innovating users in the tractor shovel industry:
Learning is related to the number of tractor shovels produced,
and manufacturers produce significantly more than would any
innovating user. Finally, response times in this industry are on
the order of one year. Tractor shovel manufacturers may gain a
significant advantage over competitors in a year - significant
advantages from being first-to-market have been shown in some
goods (15) - but it is hard to see how a year's monopoly on a
tractor shovel innovation could significantly benefit innovating
users - beyond, perhaps, a small operating savings.
Relative Amount of Innovation Cost (C)
We estimate that user innovation costs would be somewhat
higher than those innovating manufacturers for two reasons.
First, the equipment and engineering skills needed for innovation
are utilized by tractor shovel manufacturers in the course of
routine manufacturing - and are thus in place when needed for
innovation. In contrast, tractor shovel users have no routine
need for such equipment or engineering skills, and therefore must
acquire these specifically for innovation-related tasks if they
wish to engage in these. Second, manufacturers must only design
an innovation to fit the tractor shovel models they are currently
producing. Users, in contrast, must reengineer the innovation to
fit each, typically different, tractor shovel in their fleet.
Relative Amount of Displaced Sales and Benefit (D)
In the instance of the tractor shovels, users might find
that the development of an improvement lessened the value of
older tractor shovels and other, functionally similar construc-
tion equipment which they had in inventory. In contrast, with
the exception of Clark Corporation (a tractor shovel manufacturer
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which developed one of the sampled innovations) none of the
innovating equipment manufacturers also made construction
equipment of similar function - such as bulldozers. Therefore,
these manufacturers would anticipate no displaced sales as a
result of developing tractor shovel innovations.
Conclusion
We have provided evidence and reasoning which lead us to
conclude that Vi > Vx, Ri > Rx, Ci < Cx and Di < Dx. Therefore
the hypothesized inequality presented in section 2.2 is satisfied
and we find our hypothesis supported in this instance. That is,
we find that tractor shovel manufacturers - the functional type
of firm which we judge to have the highest anticipatable inno-
vation-related benefit - are also the functional type of firm
which our data show most active in developing tractor shovel
innovations.
As in the study discussed earlier, all of the innovations in
this sample dealt with the same narrow category of innovations,
with essentially the same user and manufacturer communities,
market conditions, etc. Nevertheless, our study of the innova-
tions themselves shows each to be an apparently independent
event.(ll) If we do regard each as independent then, as Table 6
shows, we find significant (p <.001, t=3.5) support for our
hypothesis in this sample (the null hypothesis being that inno-
vations will be found equally distributed between the manufac-
turer and user loci).
3.3: Engineering Plastics:
Innovation and Innovation Benefit
"Engineering plastics" are plastics which can be used in
applications which have traditionally required the high strength
and other properties of metals. Examples of such applications
are parts placed under mechanical stress or mechanical shock such
as gears or mallet heads, and parts placed in demanding temper-
atures and/or chemical environments such as parts used in
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automobile engines.
All engineering plastics are produced in low volume but
with a relatively high selling price when judged against such
"bulk" plastics as polyethylene. In 1976 engineering plastics
counted for about 2 percent by volume of all plastics produced,
but accounted for about 6 percent of the total value of all
plastics produced.(16)
The Innovation Sample
Our sample of engineering plastics innovations consists
of all commercially successful engineering thermoplastic mono-
mers1 0 introduced to the market between 1955 and 1975. After
discussion with experts in the plastics industry, it was decided
that an appropriate definition of commercial success in this
field from the point of view of engineering plastics manufac-
turers would be "annual sales of 10 million pounds or more" of
the innovative plastic. (Since the data for this study were
collected in 1976, novel monomers must have achieved this sales
level in 1975 or earlier to be included in the sample.
Only five engineering thermoplastics innovations met the
sample selection criteria just described, and these are explicit-
ly identified in Table 4.
Insert Table 4 Here
ApDropriable Innovation Benefit: Manufacturer vs. User
Since, as we saw in Table 1, the manufacturers of engineer-
ing plastics are the source of almost all innovations sampled in
that field, our hypothesis may be stated here as: Firms which
10 Engineeringplasticsarecategorizedas "thermoset" or"thermo-
plastic" resins - with thermoplatics being more commonly used.
The two types of plastics are distinguished by the way in which
they "cure" into usable plastic parts. Thermoset plastic forms
molecular bonds when molded under high temperature and pressure
and the process is irreversible. Thermoplastics, in contrast,
simply "freeze" into a shape upon cooling - a process which
can be reversed under the simple application of sufficient heat.
"Monomers" are the basic molecular building blocks of plastics.
Table 4: Engineering Thermoplastic Sample
U.S. Consumption For Structural Uses(a)
Innovation (Trade Name) Pounds (mm) Dollars(mm)
Acetyl Homopolymer (Delrin) 20 15
Acetyl Copolymer (Celcon) 60 47
Polycarbonate (Lexan) 150 143
Modified Polyphenylene Oxide (Noryl) 9 90
Polysulfone 12 22
(a) 1976 data (17).
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hold the functional relationship of manufacturer to the sampled
engineering plastics innovations are also the functional category
of firm best positioned to capture benefit from such innovations.
On the basis of inspection and discussion with industry
experts, we concluded that firms with either a user or a manu-
facturer relationship to engineering plastics innovations are
most likely to gain significant output-embodied benefit from
these.11 Therefore, we focus on assessing the relative benefits
appropriable by each of these two functional groups in this test.
In the instance of engineering plastics, we found that
innovators typically protected their innovations effectively via
patent. This is not surprising - it is in accordance with
general evidence regarding the frequently high effectiveness of
patents in protecting chemical inventions(18). However, it
raises the possibility that innovators in this field could
capture innovation benefit by licensing as well as by embodying
the value of their innovation in the output of their own firms.
In practice, however, we find engineering plastics innovators all
used their patent rights to exclude would-be competitors rather
than to license them, and sought to appropriate benefit exclu-
sively from their output-embodied innovation knowledge. This
decision makes economic sense, and we will consiser the reasons
behind it later in our discussion.
Relative Innovation-Related Output (V)
We judge that engineering plastics manufacturers have a
significantly higher innovation-related output than do users.
The innovation-related output of engineering plastics
11 Although patents offer effective protection in this field,
non-embodied innovation benefit can nonetheless not be effect-
ively captured in this field for reasons to be discussed. As a
consequence, independent inventors and suppliers were eliminated
from consideration as potential appropriators of significant
innovation-related benefit. (Suppliers were eliminated because
the materials used in the manufacture of the plastics studied are
commodity chemicals, and suppliers could not obtain output-
embodied benefit from sale of a commodity output.)
I/
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manufacturers consists of sales of the innovative product.
Manufacture of each of the engineering plastics studied is highly
concentrated - with the innovator always having a dominant market
share. In 1976 Du Pont (the innovator) produced 100 percent of
Acetal Homopolymer (Delrin), Celanese of Acetal Copolymer
(Celcon), General Electric of Modified Polyphenylene Oxide
(Noryl), and Union Carbide of Polysulfone. General Electric
produced 75 percent of all polycarbonate (Lexan) in 1976, and Du
Pont produced 57 percent of all polyamides and 57 percent of all
fluoropolymers (19). (As was mentioned earlier, all of these
innovations are patented, and the innovator maintains his high
market share in each case by enforcement of his patent rights.)
Innovators reported that decisions to commercialize engineering
plastics were made on the basis of sales projections based on the
price and physical characteristics of the innovative plastic
relative to those of competing materials. Annual sales of all
engineering plastics included in the sample were projected to
reach into the millions of dollars.
The innovation-related output of engineering plastics users
consists of cost savings achieved by substituting a given
innovative plastic for the best competitive material. Since many
engineering materials exist, interviewees inform us that the
saving which a given engineering plastic offers users relative to
substitute materials is typically moderate.
Even the largest user consumes only a very small fraction of
total production of the relatively general purpose engineering
plastics sampled here. (A single user apparently accounts for
at maximum a very few percent" of production; we could not get
more precise figures. Clearly, however, there are literally
thousands of users of each of the innovative engineering plastics
studied.) The sole exception we identified was in the early days
of Lexan production, when GE used as much as half of its pilot
plant production internally. (For this reason, Lexan is coded as
a 50% user, 50% manufacturer innovation in Table 1.) This
proportion dropped drastically when larger plants were brought on
26
line.
Relative Ability to Appropriate Benefit (R)
In the field of engineering plastics, effective patent
protection is obtainable and real-world innovators rely on it.
Any functional category of innovator can obtain such protection
for engineering plastics innovations they may be motivated to
develop but, for reasons we will discuss, innovating manufac-
turers appear positioned to convert this protection to the
highest rate of supernormal profit.
Recall from our earlier discussion in section 2 that, given
'perfect," costlessly enforceable property rights to an inno-
vation, the amount of supernormal profit appropriable by any
innovator would be identical no matter what his functional
relationship to the innovation at issue. However, in the
instance of engineering plastics, the property rights conveyed
were far from perfect or costlessly enforced. Further, important
transaction costs (20) are lowest for innovating engineering
plastics manufacturers.
Engineering plastics are manufactured in single-purpose,
continuous-flow plants. The cost of manufacturing in such plants
is very sensitive to the scale of production. Thus, it costs
ten times more to produce one million pounds of plastic per
year in an appropriately sized, dedicated plant than it costs
to produce one hundred million pounds yearly in a single plant
(21). This means that any firm which develops an engineering
plastic must either license it to one or a very few manufacturers
- or must become a manufacturer himself on an economic scale.
User firms could not achieve needed economies of scale by
producing for in-house use only because, as discussed above,
individual users of engineering plastics represent only a small
portion of total market demand. (If a user did attempt to
produce in a plant sized to fill his internal needs only, he
would find himself saddled with a highly uneconomic material when
and if a manufacturer with a plant sized to serve the entire
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market did enter.)1 2
Under the conditions just described, engineering plastics
manufacturers clearly have a major advantage over firms having
other functional relationships to engineering plastics - because
only manufacturers can benefit from engineering plastics inno-
vations without incurring the costs and risks of attempting
to license their innovation to a third party. Therefore, we
conclude that engineering plastics manufacturers are better
positioned to appropriate benefit from innovations in that field
than are users.
Relative Innovation Cost (C)
The R&D investment which innovators expend to develop an
engineering plastic is orders of magnitude higher than the R&D
cost we found associated with other categories of innovation
examined in this paper. Du Pont's R&D and pilot plant expend-
itures for Delrin for example, were $27 million in 1959 dollars
(22). Commercialization is also expensive, because engineering
plastics manufacture requires special-purpose plants. Thus, the
cost of the first commercial plant for Delrin was $15 million
(22); for Celcon $15-20 million (23);
12 The same reasoning suggests that competing manufacturers
would not find it economic to license competing manufacturers,
and the evidence shows behavior in line with this suppostion.
None of the engineering plastics innovators studied did license
competitors. Instead, they energetically used their patent
protection to exclude them. Visible evidence of such behavior:
engineering plastics innovators were often still the sole
commercial suppliers of their innovations several years after
commercialization. In 1976, Du Pont was still the sole supplier
of Acetal Homopolymer, Celanese of Acetal Copolymer, General
Electric of Modified Polyphenylene Oxide, and Union Carbide of
Polysulfone(19). As a result of a patent cross-licensing
agreement, General Electric's Polycarbonate innovation was also
produced by Mobay. Both had been developing similar engineering
plastics at the same time, and decided to resolve a potentially
difficult legal situation by cross-licensing. (As of 1976, major
patent protection had expired on Du Pont's earliest two inno-
vations, Polyamides and Fluoropolymers, and a number of firms had
begun to produce these.)
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and for Lexan $11 million(24).
All of the innovating firms had large sales of chemical
products and substantial ongoing research programs in organic
chemistry. Doubtless, costs for any would-be innovator - user,
manufacturer, or other - who did not have such an ongoing program
would be higher due to significant start-up costs. Thus, costs
for the actual innovating firms in this field were either equal
to or lower than those which other would-be innovators could
reasonably anticipate.
Relative Amount of Displaced Sales and Benefit (D)
Engineering plastics are intended to be substitutes for
other engineering' materials such as metal and glass. Thus
innovating manufacturers or users of engineering plastics who do
not also produce such traditional materials would not expect any
displacement of sales of their existing products as a consequence
of competition from their first engineering plastic. However,
they might well experience such an effect when they introduce
additional engineering plastics products. Innovators are aware
of this possibility and try to develop second and third entries
into the engineering plastics market which have significant
differences in properties so as to minimize (D).
Conclusion
We have provided evidence and reasoning which lead us to
conclude that Vi >> Vx, Ri > Rx, Ci = Cx and Di = Dx. Therefore
our hypothesized inequality is satisfied and we find our hypoth-
esis supported in this instance.
As in the studies discussed earlier, all of the innovations
in this sample dealt with the same narrow category of inno-
vations, with essentially the same user and manufacturer com-
munities, market conditions, etc. However, our study of the
innovations themselves shows each to be an independent event-
(11). Therefore, p <.1 (t=1.8) that all innovations attributed
to manufacturer firms would have been found there by chance,
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given the null hypothesis that the functional source of success-
ful innovations is independent of innovators' anticipatable inno-
vation-related net economic benefit.
3.4: Suppliers as Innovators: Process Euipment Utilizing
Industrial Gases and Thermoplastics
In this section we describe the sample and locus of innova-
tion data contained in a study carried out by VanderWerf and
reported in his Doctoral Dissertation (3). By the time Vander-
Werf began his research, we had the hypothesis being reported on
here in mind. As a consequence, the categories of innovation he
examined were selected from process machinery innovations using
large amounts of at least moderately expensive material as
input. The underlying thought was that suppliers of the mater-
ials used would possibly be positioned to appropriate significant
benefit from such innovations. And, if so, our hypotheis would
lead use to expect materials suppliers to develop the innovative
process machines to be examined. Thus, in the instance of these
two studies, we were attempting to predict the functional locus
of innovation on the basis of assumptions regarding the func-
tional locus of appropriable innovation benefit. As the reader
will see, the experiment worked well.
The Samples
VanderWerf's first sample consisted of innovations in
process machines which utilized large amounts of "industrial
gases" (e.g., Oxygen, Nitrogen) as an input. He selected them by
the following, three-step procedure. First, he identified the
six industrial gases with the highest U.S. production volume in
1978. Then, he contacted suppliers of these gases and identified
the process which used the highest volume of each gas worldwide
and which had been developed postWorld War II. (The sample was
restricted to post-WW II innovations so that one could collect
innovation history data from individuals with a firsthand
knowledge of innovation events.) Later, when VanderWerf had
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determined the innovation history of these six process inno-
vations, he asked individuals familiar with each to identify the
single most important improvement which had been developed for
each up to the present day - and incorporated these into the
sample as related improvement innovations.
The procedure just described provided a sample of one
process innovation and one related improvement innovation
utilizing each of six, high-volume industrial gases. These
twelve innovations are explicitly identified in Table 5, below.
Insert Table 5 Here
VanderWerf's second sample consisted of innovations in
process machines using large amounts of thermoplastics as an
input. Members of this sample were identified via a procedure
similar to that just described. First, he identified the
six thermoplastics with the greatest U.S. production volumes, and
then identified the "major forming processes" used with each as
reported by Modern Plastics in 1983. Investigation showed that
only seven of these processes had been developed post-WW II, and
these seven were included in the sample. Experts familiar with
each were then asked to identify the single most important
improvement which had been developed for each up to the present
day, and these were included in the sample as related improvement
innovations. The fourteen innovations included are explicitly
identified in Table 6, below.
Insert Table 6 Here
Appropriable Innovation Benefit: User. Manufacturer and Supplier
VanderWerf began his research by determining the functional
locus of innovation for each innovation in his two samples. (The
empirical methods he used in this process are identical to those
used in all the functional locus of innovation studies utilized
here.(25)) Next, he determined via discussions with industry
Table 5: Industrial Gas-Using Innovations(a)
Basic Innovation
Basic Oxygen Process
Detonation Gun Coating
Nitrogen Heat Treating
Cryogenic Food Freezing
Pyrogenic Oxidation
Argon-Oxygen Decarburization
Related Maior Improvement
Mixed Gas Blowing
Electrical Sequencing
Oxygen Probe Control
Conveyorized Freezer
Direct Digital Control
A-O Nitrogen Decarburization
(a) Vanderwerf (3), Table 5-4, p. 46.
Table 6: Thermoplastics-Using Innovations(a)
Basic Innovation
Slush Molding
Rotational Molding
Direct Foam Extrusion
Foam Casting
Bead Expansion Molding
Foam Closed Molding
Reaction-Injection Molding
Related Major Improvement
Water Bath Gelling
Three-Arm RM Machine
Tandem Screw Extruder
Continuous Belt Casting
Automatic Molding Press
Cold Mold Process
Self-Clearing RIM Head
(a) VanderWerf (3), Table 5-2, p. 44.
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experts that process machine users, manufacturers, and suppliers
of materials processed on the innovative machines had the highest
expectations of innovation benefit. Finally, he tested the
hypothesis under discussion here by comparing the relative
output-embodied innovation benefit which these three functional
categories of firm might reasonably expect.
VanderWerf estimated the output-embodied benefit firms could
potentially appropriate from each innovation under study by
determining the amount of new innovation-related business (V)
actually derived by relevant users, manufacturers, suppliers, and
others. Via discussions with industry participants, he then
estimated the relative supernormal profit rate (R), innovation
costs (C), and the "new business fraction" (a measure which
serves the same function as our displaced sales D]) which each
class of would-be innovators could reasonably expect if they had
been able to accurately foresee the commercial results actually
attained by the various innovations. Possible error in these
estimates was compensated for by resolving ambiguity in a
direction against the hypothesis under test.
Conclusions
For each innovation, VanderWerf ranked four functional
categories of innovator (user, manufacturer, supplier, and
"other") in the order of their expected level of benefit from
that innovation. In the top (bottom) rows of Tables 7a and
7b, below, he positions each firm which actually did (did not)
develop each innovation in that expected benefit ranking.
Insert Table 7 Here
As can be clearly seen in Table 7, the two samples analyzed
here support (p <.0003 and p <.0001) the hypothesis under test.
(Null hypothesis: The functional source of successful innova-
tions is independent of innovators' appropriable innovation
benefit.)
1l
Table 7: Test of Hypothesis: The Locus of
Innovation Benefit and Innovation Activity Compared(a)
7a: Industrial Gas-Using Innovations
Predicted Probability of Innovation
Highest Second Third Lowest
Innovator 8 4 0 0
Non-Innovator 4 8 12 12
(chi square p <.0003)
7b: Thermoplastics-Using Innovations
Predicted Probability of Innovation
Highest Second Third Lowest
Innovator 12 1 1 0
Non-Innovator 2 13 13 14
(chi square p <.0001)
(a) VanderWerf (26).
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4.0: Discussion
In this paper we have tested our hypothesis that the
functional locus of innovation is correlated with innovators'
anticipatable innovation-related economic return, and have found
it supported in the instance of all five innovation samples
examined.
Insert Table 8 Here
Although our analysis has focused on five small samples
only, we suggest that the results found are generalizable for
four reasons. First, the innovation types chosen cover a wide
range of industrial products and processes. Second, each
analysis presented has been done at a very micro level using
detailed, innovation-specific data and, as a result, many
possible sources of error have been avoided. Third, the many
firm managers we have interviewed in the course of our work say
that their decision to invest in developing a given innovation is
based on considerations of expected innovation-related economic
returns, and appear to conduct their analyses accordingly.
Fourth and finally, our empirical findings fit the related
findings of others. Thus, Schmookler carefully examined four
categories of invention, and found changes in the extent of the
market preceding changes in rates of related invention.(6) This
and other empirical findings support the notion at the base of
the hypothesis we have tested here: Innovation (and invention)
is an economically motivated phenomenon.
Despite the success of the study reported on here, inno-
vation is obviously a complex phenomenon which can be explored
and explained in terms ranging from product and process life
cycle models to models of innovation-inducing corporate environ-
ments and structures. The strong variance we have observed to
date in functional locus of innovation data should make it an
ideal tool for such studies. Happily, researchers such as
Shaw(27) and others are now also engaged in empirical studies on
Table 8: Summary of Empirical Tests Conducted
Innovation Type
Were Innnovations Found Concentrated
In Locus of Hiahest Innovation Benefit?
Pultrusion Process
Tractor Shovel Related
Engineering Plastics
Industrial Gas-Using
Thermoplastics-Using
90% Yes: p<.02
94% Yes: p<.001
90% Yes: p<.l
66% Yes: p<.0003
86% Yes: p<.0001
---------------- -------· ------------------- ---
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the functional locus of innovation, so the data base available to
interested researchers should continue to grow. And simul-
taneously, Pavitt(28) and others are conducting empirical work of
the related topic of the source of innovation by sector of the
economy and are tracing the intersectoral flow" of such inno-
vations. All of this research should make our understanding of
the innovation process steadily and significantly richer - an
exciting prospect.
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